Background: In 2004 and 2005 a total of 38 cases of human rabies transmitted by the hematophagous bat Desmodus rotundus were registered in the Brazilian state of Pará; 23 (60.5%) cases occurred in the northeastern region. Because of this, a serological investigation for the antibodies of rabies virus was performed in municipalities of the northeastern state of Pará, in order to assess whether the virus was circulating among different bat species.
Introduction
Rabies is a worldwide zoonotic disease that affects mammals, including humans, on all continents except Antarctica. 1 This zoonosis, which attacks the central nervous system, belongs to the order Mononegavirales, family Rhabdoviridae and genus Lyssavirus. 2 The classic rabies virus (RABV) is the most important Lyssavirus species given its worldwide distribution, and its role in the infection of terrestrial mammals and bats (hematophagous or not) throughout the New World. In addition, it is linked to an excess of 55 000 human deaths annually, whereas other Lyssavirus species cause little disease in humans. 3 In Asia, Africa and Latin America, domestic dogs have always been considered to be the primary reservoir of rabies for humans, and continue to be a serious public health problem, but since 2004, the number of human cases of rabies transmitted by wildlife has exceeded the number of cases transmitted by dogs. The hematophagous bat, Desmodus rotundus (E. Geoffroy, 1810), has been considered the primary reservoir of this zoonosis for domestic animals in Latin America, especially in Brazil, where rabies is endemic in varying degrees, depending on the region analyzed. 4 By 1990, approximately 54 bat-transmitted human rabies cases had been reported in the country, 4 but the first occurred in 1975 in Juruti, Pará state, when six human fatal cases were recognized. 5 In 2004 and 2005, additional bat rabies outbreaks were reported, where D. rotundus was responsible for 86.5% (64/74) human deaths because of rabies in the Brazilian states of Pará and Maranhã o, located in the eastern extreme of the Amazon basin. 4 -7 Some of these cases were recorded in the northeastern portion of the state of Pará , 5, 7 where rabies cases are proportionally five times greater than in other mesoregions of this state. 8 Because of this, studies of rabies and the local chiropteran fauna in this region have been prioritized.
In the present study, during 2009, wild bats from northeast Pará were screened to estimate the circulation of the rabies virus through a serological investigation of rabies neutralizing antibodies in this area, and the seasonal variation in the local climate and potential role of the age and sex of the individuals. In addition to the contribution to the understanding of rabies circulation in the bats of Brazilian Amazon basin, the data collected during the study are fundamental to the identification of bat species that may be involved in the circulation of this virus.
Materials and methods

Study area
The samples were collected at three municipalities of the eastern Brazilian Amazon, state of Pará , where rabies is endemic: Bragança, Augusto Corrêa and Viseu (Figure 1 ). These municipalities represent the primary epicenter of the disease in the Brazilian Amazon basin, and constitute a strategic region for the sampling of the virus and the evaluation of transmission patterns. . This municipality is located in the Guamá microregion, 210 Km from Belém.
All three municipalities are characterized by a mixture of habitats, dominated by Amazon rainforest, mangroves and marshlands. Their economies are based on ranching, agriculture, crabbing and fisheries.
The region's climate is hot and humid throughout the year, with two well-defined seasons, a rainy season, between January and August, and a dry season between September and December. 9 
Collection of specimens
The collection and transportation of bat specimens was authorized by the Brazilian Federal Institute for the Environment and Natural Resources (IBAMA) through collecting/transportation license number 16839-1, October 9th, 2008.
The bats were captured with the help of ten 12 m × 3 m mistnets between April and November 2009, a period that includes both rainy and dry season months. The nets were set at ground level between 18:00 and 01:00 h on nights when there was little lunar illumination. The mist-nets were set in areas of upland forest, some transversely and others parallel to preexisting trails, over bodies of water and in open fields (close to fruit trees and livestock, whenever possible), in order to sample the greatest possible diversity of microhabitats. They were set on two consecutive nights at each sampling point during each season, with a total of 18 nights of specimen collection being carried out in the dry season and 18 in the rainy season.
The specimens captured were maintained in individual cloth bags prior to the collection of morphometric data: length of the forearm, nasal leaf, ear and tragus. These measurements were used to identify the specimens to the species level, using taxonomic keys, 10 -13 and taxonomy follows Reis et al. 14 Some specimens were preserved as a reference collection and deposited in the Zoology Collection of the Federal University of Pará in the city of Bragança.
The age of the captured specimens was determined through the examination of the development of the cartilaginous discs in the articulations of the hand, between the metacarpals and the phalanges. 15 Specimens with complete ossification of the articulations were classified as adults, whereas those with incomplete formation of the bone structure were recorded as juveniles.
Serology
Most of the collected bats were bled from a cephalic vein in the wing (0.2 -0.3 ml) using a hematocrit tube. 16 Blood samples from specimens that were deposited in the Zoology Collection of the Federal University of Pará were collected by cardiac puncture. These samples were refrigerated until serum was separated by centrifugation at 4000 rpm for 5 min, then they were ice-packed and sent to the Laboratory for Zoonosis and Vector-transmitted Diseases at the Zoonosis Control Center (ZCC-SP) in Sã o Paulo, in the state of Sã o Paulo, Brazil, where they were tested for the presence of rabies virus neutralizing antibodies, by rapid fluorescent focus inhibition test (RFFIT). 17 
Statistical analysis
A partition x 2 test was used to evaluate differences in the relative numbers of seropositive and negative individuals in this area. Possible differences between the seasons, the two sexes and different age classes were also tested using x 2 . All analyses were run in the BioEstat 5.0 package. 18 
Results
A total of 307 serum samples representing 28 different species were analyzed. There was no significant statistical difference in the relative number of seropositive and seronegative (x 2 ¼0.08; d.f.¼1; p¼0.81), but more than half (50.8%, 156/307) of the total samples were considered positive for the detection of antibodies. The highest rate (61.5%, 72/117) was recorded in Viseu, while the lowest (40.5%, 47/116) in Bragança, whereas the samples from Augusto Corrêa were divided equally between positive (50.0%, 37/74) and negative results (Table 1) .
There was a significant difference in the relative number of seropositive individuals among municipalities (x 2 ¼10.32; d.f.¼2; p¼0.005), which was due to the high rate recorded at Viseu, 
Discussion
The assessment of the serological percentage of the bat fauna of the study region revealed high numbers of animals demonstrating rabies virus neutralizing antibodies, mainly in the municipality of Viseu. This indicates that a large proportion of these animals had contact with the rabies virus, which may be accounted for by the potential influence of cattle ranching on the frequency of rabies cases in a region. Ranching is one of the principal economic activities within the study area, and more significantly in Viseu, which had the largest number of seropositive individuals. It is important to emphasize that cattle ranching is one of the principal factors determining the maintenance and distribution of the rabies virus. 8 The serological percentage recorded for the study population (50.8%) was very high, especially in comparison with the data available from other studies at different sites around the world. Reynes et al., 19 for example, recorded a value of only 4% in bats captured in Cambodia, while in southeastern China, a region afflicted by serious outbreaks of rabies, only 2% of samples tested positive. In the Caribbean, higher proportions of seropositive bats were recorded in Trinidad (8%) and Grenada (13%), 21 and a similar value (10%) was recorded in southeastern Peru by Salmón-Mulanovich et al., despite the fact that the data were collected soon after a local outbreak of human rabies, 22 although these values were still much lower than those recorded in the present study.
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Relatively high rates of seropositive individuals, similar to those recorded in the present study, have only been recorded by SalasRojas et al. 23 in Colima, Mexico, where bovine rabies is endemic in many areas. In this study, 37% of the serological samples were positive, with an even higher rate (52%) being recorded for the specimens captured in the region's best preserved habitats.
In our results, there was no significant difference in prevalence between males and females, but Cortês et al. 24 identified a tendency for higher rabies antibody rates in male bats, which they related to the greater probability of males being bitten during social encounters between dominant and subordinate individuals or residents and intruders. However, more recent studies 22, 25 have found no evidence of gender-related differences, as observed in the present study.
The tendency to produce antibodies, especially in juvenile bats, is well known. 26 In the present study, there was no significant difference in seropositivity between juvenile and adults bats. Although 51.1% (69/135) of juveniles tested were seropositive, this high proportion may be explained by the increased frequency of contact during parental care, or affiliative or agonistic encounters with other adults in their colonies who may be infected by the rabies virus. 27 -30 Our results also indicate that the number of seropositive individuals increases during the rainy season, even though proportionately fewer bats were captured during this period. This may be explained by the observation that bats spend more time in their colonies during the rainy season, which may result in higher rates of social encounters, such as grooming or agonistic behavior, resulting in bites and scratches. As rabies is transmitted through bites and scratches, or even licking, 3 such behavior would increase the chances of contamination of a much larger number of individuals, including infants and juveniles.
While the differences among the most common species were negligible, A. planirostris returned the highest serological rate recorded in the present study (52.2%, 24/46), which was higher than the values of around 40% recorded previously in Mexico 23 and Grenada 21 for the same species. However, it is possible to conclude that all the seropositive specimens had been in contact with the virus at some time, given that they presented antibodies, whether they were actually infected or not. In the present study, the rabies virus was found in a further 24 species of bats, although A. planirostris appears to be the most common incidental host of rabies in the eastern Brazilian Amazon at the present time. The species captured in smaller numbers, especially those represented by seropositive specimens, require more detailed analysis in future studies.
It is also important to emphasize the fact that the high number of apparently healthy and seropositive bats reported in this region indicates that, in some cases, the clinical expression of the virus is mild and may not necessarily be fatal to bats, circulating among the species at non-lethal levels.
However, as a limitation of our study, the positive serological results do not guarantee rabies diagnosis without analyzing additional brain samples from these animals. As we did not collect this type of sample, we cannot say, for example, whether these individuals are infected or recovering from some past infection and may have immunity to the rabies virus.Overall, the large numbers of seropositive specimens recorded here may indicate that the virus circulates freely within the bats of the study region.
